Tomato is an important agricultural crop world-wide. Their pigments and phenolic compounds are very important in many ways, and have been associated with health benefits such as lowering the risk of some chronic diseases. Identification of carotenoids and phenolic compounds using liquid chromatography coupled to mass spectrometry, and quantification by HPLC-DAD was carried out in the exocarp and mesocarp of the fruit in 6 different ripeness stages (mature-green, breaker, turning, pink, light red and red). Several phenolic compounds have been identified including chlorogenic acid and phenolic glycosides, such as caffeoylhexoside, coumaroyl-hexoside, feruloyl-hexoside, siringic-hexoside and rutin. Four carotenoids have been followed during ripening; β-carotene and lycopene were identified, whereas γ-carotene and lycopene-epoxide were tentatively identified, and the four of them were monitored during ripening. Fruit exocarp had higher quantities of chlorophyll, carotenoids and phenolic compounds compared to mesocarp. Chlorophylls drastically decreased, lycopene drastically increased, while β-carotene, γ-carotene and lycopene-epoxide slightly increased during fruit ripening. There were differences in the changes in phenolic compounds. Chlorogenic acid decreased and rutin increased in both the exocarp and in the mesocarp, during fruit ripening.
INTRODUCTION
Carotenoids and phenolic compounds are important components in fruits and vegetables. Phenolic compounds are water-soluble substances related to growth and development of the plant, defense activities against pathogens, parasites and predators and also impart color to some fruits and vegetables (Robards and Antolovich, 1997) . Carotenoids are lipid-soluble molecules that also contribute to color in fruits and vegetables. Several recent reports have suggested that phenolic compounds and carotenoids play an important role in human health due to their antioxidant capacity, help counteract oxidative processes and prevent carcinogenic and heart disease (Manach et al., 2004) . Removal of exocarp from some fresh fruits and vegetables is a common practice at consumer level or during processing, ignoring that exocarp can be a good source for some nutrients, in some cases even better than the mesocarp. This work investigated qualitative and quantitative differences in carotenoids and phenolic compounds in mesocarp and exocarp during ripening of 'Caiman' tomato fruit. and transported to the laboratory at the Faculty of Natural Sciences of the Autonomous University in Queretaro.
Sample Preparation
Fruits were ripened in air at 25°C and sampled for evaluation of color, carotenoids and phenolic compounds at six different ripeness stages using the color classification requirements in tomatoes from the United States Standards for Grades of Fresh Tomatoes: mature-green, breakers, turning, pink, light-red and red. Exocarp (thickness ~1 mm) was separated from mesocarp using a potato peeler. Both exocarp and mesocarp were collected for analysis, and seeds were discarded.
Fruit Physiological Stage Assessment
Color (values of L*, a*, b*, C* and hue) was measured using a Minolta spectrophotometer (Minolta Co. Ltd, Japan). External color was measured on four points around the blossom-end area, while the internal color was measured on the central flat point of each half of a fruit.
Chlorophyll Extraction
Chlorophyll extraction was done according to Yahia et al. (2007) with some modifications. Frozen tomato mesocarp samples (3 g) were homogenized in the dark with 10 ml ethanol, sonicated for 20 min at room temperature and centrifuged at 10,000 × g during 15 min. The supernatant was recovered and the extraction process repeated on the pellet. Both supernatants were joined and the absorbance was measured using a DU-65 Spectrophotometer (Beckman Coulter, Inc., Fullerton, CA). Chlorophyll content was calculated in mg/L according to AOAC (1997) according to the following equations: Chlorophyll a = (9.93 × A660) -(0.777 × A642.5), chlorophyll b = (17.6 × A642.5) -(2.81 × A660) and total chlorophyll = (7.12 × A660) + (16.8 × A642.5).
Carotenoid Extraction
Carotenoid extraction was done according to the 970.64-AOAC method (2000) with some modifications by Soto-Zamora et al. (2005) . Frozen tomato mesocarp (5 g) or freeze-dried exocarp (0.4 g) samples were homogenized for 1 min with 10 ml of extractant solution (hexane:acetone:ethanol:toluene at 10:7:6:7), after which 1 ml of methanolic KOH (40%) was added, and heated at 56°C for 20 min, and then immediately cooled in water at room temperature. Ten ml of hexane were added and stirred for 1 min, and 10 ml of sodium sulfate (10%) were added and stirred for 1 min. Phase separation was permitted and the upper phase was taken for carotenoid analysis.
HPLC-APCI-MS Analytical Conditions
Carotenoids extracts (100 μl) were injected to the HPLC equipment (HP 1100, Agilent Technologies Co, Palo Alto, EUA) with DAD detector coupled to a mass spectrometer (TOF 6210, Agilent Technologies Co, Palo Alto, EUA), using a YMC C30 3 µm column, 4.6×150 mm in reverse phase at 15°C. The mobile phase was composed of methanol (A) and tBME (B) following a linear gradient of 100% (A), and 0% (B) at minute cero and 0% (A) and 100% (B) in 40 min, with a flow of 1 ml/min. The mass spectrometer system was equipped with an APcI+ interface operating in the positive ionization mode. A Mass Hunter manager software (versión A.02.01) was used, nitrogen was the drying gas at a flow of 5 L/min and the nebulizer pressure and temperature were 50 psi and 400°C, respectively. Fragmentor and capillary conditions were 200 and 4000 volts, respectively.
Extraction of Phenolic Compounds
Five grams of fresh tomato mesocarp or 0.4 g of freeze-dried exocarp were each mixed with 10 ml of extraction solution (80% methanol in water, containing 1% formic acid) and thoroughly ground with mortar and pestle. The homogenate was sonicated during 15 min at room temperature and filtered through Whatman 3 filter paper. This was named the non-hydrolyzed extract. Two ml of this extract were mixed with 2 ml of 2.4 N HCl solution for hydrolysis in a water bath at 80°C for 2h and then the test tubes were cooled with water at room temperature. This was named the hydrolyzed extract. Both extracts were filtered through 0.45 µm Millipore membrane (Millipore Corp. Bedford, MA) previous to their injection into to the HPLC-ESI-MS system.
HPLC-ESI-MS Analytical Conditions
Samples (50 μl) containing the extracted phenolic compounds from fresh tomato mesocarp were injected into an HP 1100 series HPLC system (Hewlett-Packard GmbH, Waldbronn, Germany) with diode array detector (DAD) coupled to a 6210 time of flight (TOF) mass spectrometer (Agilent, Palo Alto, CA). The phenolic compounds were separated using a 5 µm X-Terra (4.6×250 mm) column (Waters Co. Milford USA) operating at 25°C. Mobile phase was composed of water (A) and acetonitrile (B) following a linear gradient from 100% A and 0% B to 0% A and 100% B in 60 min using a flow rate of 0.5 ml/min. Water contained 1% of formic acid to promote molecular ionization. The mass spectrometer system was equipped with an electrospray interface (ESI) operating in the negative ionization mode. A mass hunter manager software (A.02.01) was used. Nitrogen was utilized as drying gas at 350°C, at a flow rate of 11.5 l/min and at a pressure of 45 psi. Fragmentor and capillary conditions were 100 and 4000 V, respectively.
RESULTS AND DISCUSSION

Fruit Characteristics
External color for different ripeness stages of the tomato fruit exhibited significant changes for L*, a*, C* and hue values, but not for b*. As expected, a* value was a good indicator for color changes on tomato exocarp since the a* value represents the green-tored axis at the L'eclairage color system. The hue angle value was also a good indicator for color changes in tomato exocarp showing no overlapping among the different ripeness stages. Mature-green tomatoes were completely green ranging from an a* value of -7.1 to -6.7. "Breaker" stage tomatoes showed a pinkish-reddish pigmentation on the blossomend area with a* values from -2.9 to 0.1. "Turning" tomatoes showed an extended pigmented exocarp area from blossom-end (no more than 30%) and an increased a* value from 6.5 to 12.1. "Pink" tomatoes showed a more extended reddish area (no more than 60%) with a* values from 13.8 to 16.4. "Light-Red" tomatoes exhibited a pinkish-red surface (no more than 90%) with a* values between 20 and 24, and "Red" tomatoes showed a completely red colored exocarp with a* values from 24 to 26.6.
Chlorophylls and Carotenoids in Exocarp and Mesocarp
Mature-green tomato exocarp had a higher total chlorophyll content (more than twice) than mesocarp, but total chlorophyll drastically decreased until disappearing in both exocarp and mesocarp during ripening (Table 2) . Mature-green tomato exocarp also had higher chlorophyll a content (more than three times) than chlorophyll b, whereas in mesocarp chlorophyll a was more than twice higher than chlorophyll b. Chlorophyll a was more than twice higher in exocarp than in mesocarp and chlorophyll b was higher (about twice) in exocarp than in mesocarp. These results can be supported by the fact that exocarp cells being directly exposed to sunlight are more photosynthetically active than mesocarp cells. Four carotenoids have been followed during ripening; β-carotene and lycopene were identified, whereas γ-carotene and lycopene-epoxide were tentatively identified by means of their molecular masses (m/z), 537.4 and 553.4 for γ-carotene and lycopene-epoxide, respectively (Table 1 ). The four of them were monitored during ripening. Tomato exocarp and mesocarp had the lowest total carotenoids content at their mature-green stage and both tissues exhibited a significant rise during ripening being 8-and 4-fold at the red ripeness stage for exocarp and mesocarp, respectively. In the exocarp, lycopene increased about 25 times, whereas in mesocarp lycopene increased about 9 times. β-carotene slightly increased in exocarp during ripening whereas it increased about 4 times in mesocarp. The two carotenoids that were tentatively identified as γ-carotene and lycopene-epoxide slightly increased during ripening. Abushita et al. (2000) reported a similar total carotenoids content as our results for mesocarp and the presence of lutein, lycopene-epoxide, lycopene, β-carotene and in different tomato varieties. Lutein was not identified.
Identification and Quantification of Phenolic Compounds in Exocarp and Mesocarp of Tomato
Total soluble phenolics (TSP) were more than twice higher in exocarp than in mesocarp during ripening. TSP increased in both tissues during ripening, mostly in the mesocarp. The TSP levels observed for mesocarp (12.7-16.8 mg/100 g fw), were similar to those observed by Minoggio et al. (2000) in tomato. Individual phenolic compounds were identified or tentatively identified in non-hydrolyzed and hydrolized extracts from tomato exocarp and mesocarp. Several phenolic compounds were identified as free phenolic acids by means of chemical standards and molecular mass (m/z) data or tentatively identified as glycoside-conjugated phenolic compounds by means of m/z data from their ion fragmentation patterns (Table 1 ). The naturally occurring phenolic compounds observed in tomato were chlorogenic, caffeic and coumaric acids in agreement with their [M-H] -ion values, 353, 179 and 163, respectively, and in agreement also with the retention times observed for the respective standards of these compounds, 19.5 min (chlorogenic acid), 22.7 min (caffeic acid) and 25.6 min (coumaric acid). On the other hand, the glycoside-conjugated phenolic compounds were p-coumaroyl-hexose, caffeoyl-hexose, feruloyl-hexose, siringyl-hexose, and rutin (Table 1 ). The extraction of non-hydrolized extracts from exocarp and mesocarp, permitted to estimate quantitative changes of naturally occurring phenolic-glycosides during ripening, based on their mAU*s values given by the HPLC-DAD system (data not shown). All the conjugates showed a tendency to increase, mostly two-to three-fold in both tissues. Feruloyl derivative, and siringyl-hexose were not observed in exocarp. When non-hydrolyzed, mesocarp and exocarp extracts exhibited their naturally occurring phenolic acids. Chlorogenic and p-coumaric acids for mesocarp and chlorogenic and caffeic acids for exocarp were shown as naturally occurring phenolic acids. Chlorogenic acid content was higher in exocarp than in mesocarp and decreased during ripening in both tissues. When hydrolyzed, mesocarp extracts showed ferulic acid in addition to chlorogenic and caffeic acid, whereas exocarp extracts showed p-coumaric acid additionally to chlorogenic and caffeic acids. Minoggio et al. (2003) reported the presence in tomato of chlorogenic and caffeic acids as the main phenolic acids, but also reported ferulic acid, rutin, naringenin, naringenin-chalcone and a chlorogenic acid derivative. From our results, naringenin was not observed neither in mesocarp nor in exocarp, this can be due to differences among cultivars.
In conclusion, when unripe (mature-green), exocarp possesses a significantly higher content of total chlorophyll than mesocarp and when ripe, exocarp is a better source of total carotenoids, lycopene, and total soluble phenolics than mesocarp. From these results it is recommended that exocarp should be consumed by humans along with mesocarp and should not be discarded. 
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